study question: Is there any effect of genetic polymorphisms in adiposity-related genes on the timing of menarche and menopause and the total duration of menstruation among Korean women? summary answer: Our results suggest that the adiposity-related genes LEP, LEPR and PPARg may play a role in the onset and cessation of menstruation, and the total duration of menstruation.
Background
Age at menarche and menopause are important indicators of women's health. The duration of menstruation over the lifespan is influenced by endogenous estrogen levels; therefore, the duration of menstruation could be a factor in determining women's risk for diseases related to hormone metabolism in later life. A longer duration of menstruation, as a result of early menarche or late menopause, is a wellknown risk factor for breast cancer (Brinton et al., 1988; Gao et al., 2000) . On the contrary, a shorter duration of menstruation, whether induced by late onset of menarche or early onset of menopause, is a risk factor for cardiovascular disease and rapid decrease in bone mineral density (Ho et al., 1993; Lane, 2006) .
It is known that both genetic and environmental factors contribute to the timing of menarche and menopause. Energy consumption has been associated with age at menarche (Merzenich et al., 1993) , and it has been suggested that alcohol consumption, cigarette smoking and breastfeeding contribute to early menopause (Torgerson et al., 1994; Dvornyk et al., 2006; Kinney et al., 2006) . It has been demonstrated that the age at menarche is affected by family history (Cramer et al., 1995) and has high heritability (Chie et al., 1997; de Bruin et al., 2001; Murabito et al., 2005) . Previous candidate-gene approaches have mainly presented the results for genes related to the estrogen metabolism pathway. Most genes of interest that participate in steroidhormone metabolism, such as estrogen receptor a and estrogen receptor b, have been associated with age at menarche and menopause in several studies (Weel et al., 1999; Gorai et al., 2003; Hefler et al., 2005; Kok et al., 2005; Dvornyk et al., 2006; Stavrou et al., 2006; Mendoza, et al., 2008) . Other studies on estrogen biosynthesis genes have reported associations between human cytochrome P450 (CYP) genes and the age at menarche or menopause (Lai et al., 2001; Guo et al., 2006a,b; Long et al., 2006) . Other genes, such as the anti-Mullerian hormone (AMH) (Kevenaar et al., 2007) , apolipoprotein E (APOE) , chemokine (C-C motif) receptor 3 (CCR3) , insulin-like growth factor 1 (IGF1) (Zhao et al., 2007) , nitric oxide synthase 3 (NOS3) (Worda et al., 2004) , sex hormone-binding globulin (SHBG) (Xita et al., 2005) and steroid-5-alpha-reductase, alpha polypeptide 2 (SRD5A2) (Huber et al., 2006 ) genes have been suggested as possible determinants of the age at menarche and menopause. Recently, a large-scale genome-wide linkage scan (Murabito et al., 2005; Guo et al., 2006a,b; Anderson et al., 2008) and association studies have also supported relationships between age at menarche or menopause and genetic polymorphisms (Liu et al., 2009; Perry et al., 2009; Stolk et al., 2009) .
Although a number of studies have been devoted to uncovering the genes involved in the timing of menarche or menopause, those results are sparse and controversial compared with those of genes related to estrogen receptors; however, there is consistent evidence for the effects of adipose-secreted adipokines or adipose tissue-related proteins, such as leptin or proliferator-activated receptor gamma (PPARg), on menstruation and reproduction. Minor allele of rs4135280 on PPARg gene was associated with younger age at menopause (He, 2009) . Leptin is known to be involved in the onset of puberty and climacterium. One study reported an inverse relationship of serum leptin concentration and age at menarche (Matkovic et al., 1997) . In addition, Pro/Ala genotype of PPARg was reported to have beneficial effects on fertility efficiency (Corbo et al., 2008) .
In this study, we focused on polymorphisms in the adiposity-related genes, leptin (LEP), leptin receptor (LEPR) and PPARg, to investigate their influence on the timing of onset and cessation of menstruation in Korean women. We examined genotype distributions by age at menarche and menopause, and total duration of menstruation, then evaluated the effect of genetic polymorphism on late menarche, early menopause and short total duration of menstruation.
Materials and Methods

Study participants
Subjects were recruited from a case-control study done at the Center for Breast Cancer, National Cancer Center in Korea. We divided the study participants into two groups. Subjects' height and weight were measured, and BMI was calculated. All other information was obtained by self-report. For the breast cancer patients group, all information was obtained right after the diagnosis and before any treatment, including chemotherapy. Therefore, the menopausal history of the breast cancer patients was not affected by chemotherapy.
In both groups, women were excluded from this study if information was missing on menstruation status, age at menarche, menopause and delivery of the first child, number of children or a past history of breast cancer. As a result, 852 participants were included in the final analysis (n ¼ 400 for Group 1; n ¼ 452 for Group 2).
All participants provided written informed consent, and the study protocol was approved by the Institutional Review Board of the National Cancer Center.
Definition of short duration of menstruation
We categorized women according to their self-reported history of the timing of menstruation. Late menarche was defined as age at menarche of 17 years or older. Information on age at menopause was obtained from post-menopausal women only. Early menopause was defined as age at menopause of 40 years or younger. Total duration of menstruation was calculated for post-menopausal women and defined as the amount of time between age at menarche and age at menopause. Less than 30 years was considered to be a short total duration of menstruation.
Genotyping
Ten functional single nucleotide polymorphisms (SNPs) in three genes, LEP, LEPR and PPARg were selected from previously reported studies (Paynter et al., 2004; Koh et al., 2006; Snoussi et al., 2006; Vogel et al., 2006) . The multiplex PCR and extended primers were designed using MassARRAY Assay Design software version 3.0 (Sequenom, CA, USA). Genomic DNA was isolated from buffy coats using a DNA Blood Midi M48 Kit (Qiagen, Inc., CA, USA) and 10 ng of DNA from each samples was used for genotyping reaction. Genotyping was performed by iPLEX Gold assay on the MassARRAY platform (Sequenom) based on Matrixassisted laser desorption/ionization time-of-flight mass spectrometer, according to the manufacturer's instruction. For the quality control of the genotyping assay, 10% of the samples were run in duplicate and tested for concordance. Additionally, genotype clusters were examined manually for their fitness. The resulting genotype data were collected by Typer software (Sequenom, version 4.0) and were subjected to statistical analysis.
Statistical analysis
Chi-square tests were used to evaluate the distributions of each genotype between the menstruation groups. Separate analyses were conducted according to the participant group (Groups 1 and 2) and menopausal status. Mantel-Haenszel x 2 tests were used to combine statistics from the two groups. To evaluate the effect of genotype on the duration of menstruation, logistic regression models were used. In the logistic analyses, we adjusted age, BMI and participant group for late menarche and short total duration of menstruation. For early menopause, we adjusted age, BMI, age at menarche and participant group. Considering genetic inheritance modes, most statistical analyses were based on an additive model. If the frequency of the minor homozygote genotype was too small, data were pooled with the heterozygote genotype and analyzed under a recessive model. The cut-off threshold of each analysis was a P-value , 0.1 for univariate analysis, and ,0.05 for logistic regression analyses, respectively. SAS software version 9.1 (SAS Institute Inc., Cary, NC, USA) was used for all analyses. Two SNPs in LEP, rs13228377 and rs2167270, showed similar distributions in both Groups 1 and 2 for age at menarche of 17 or older (overall P-values from the Mantel -Haenszel x 2 tests were 0.675 for rs13228377 and 0.790 for rs2167270). Differences were observed for rs2167270 among women in Group 2 with early menopause and short total duration of menstruation (P ¼ 0.071 for early menopause; P ¼ 0.053 for short total duration of menstruation). In logistic regression models, the GG genotype of rs2167270 appeared to be associated with lower probability of short total duration of menstruation than the GA and AA genotypes after adjustment for age and participant group (OR ¼ 0.59, 95% CI ¼ 0.31-1.00).
Results
In analyses of the two LEPR SNPs, genotypes of rs7602 showed different distributions for late age at menarche (P ¼ 0.040 from the Mantel -Haenszel x 2 test). In post-menopausal women, genotypes of rs2167270 appeared to have significantly different distributions according to the late age at menarche in Group 1 (P ¼ 0.001). In the logistic regression model, the GG genotype of rs7602 was associated with higher risk of late age at menarche compared with the GA and AA genotypes, even after adjustment for age, menopausal status and participant group (P ¼ 0.028, 95% CI ¼ 1.07 -3.40) (OR ¼ 1.83, 95% CI ¼ 1. 01 -3.31) . No SNPs in the LEPR gene appeared to be associated with age at menopause or total duration of menstruation. SNPs in the PPARg gene were associated with late menarche, early menopause and short total duration of menstruation. Differences in the distribution of rs3856806 were observed among women in Group 1, according to late age at menarche (P ¼ 0.037). Differences in distribution were also observed for three SNPs in the PPARg gene between the normal and early menopause groups. The genotype frequency of rs1801282 appeared to differ between the normal and early menopause group, among women in both Groups 1 and 2 (P ¼ 0.097 for Group 1; P ¼ 0.098 for Group 2). This SNP also appeared to have differences in distribution for short total duration of menstruation among women in Group 2 (P ¼ 0.029). Distributions of genotypes differed for rs2120825 only for a short total duration of menstruation in Group 2 (P ¼ 0.060). The genotype distribution of rs3856806 differed for both Groups 1 and 2 for total duration of menstruation (P ¼ 0.061 for Group 1; P ¼ 0.060 for Group 2) and for age at menopause, while differences in distribution were observed only for women in Group 2 according to early menopause status (P ¼ 0.06). We also tested the Mantel-Haenszel linear association after pooling Groups 1 and 2; however, no statistically significant differences were observed. Adiposity-related genes and menstruation
Discussion
In this study, we explored the associations between adipose tissue-related genes and timing of menarche or menopause. Ten SNPs in the LEP, LEPR and PPARg genes were included in the analysis to evaluate genotype distributions and relationships with late menarche, early menopause and short total duration of menstruation. Genotype distributions indicated an association with late menarche or early menopause for five SNPs. In logistic regression analyses, rs7602 in the LEPR gene and rs2167270 in the LEP gene exhibited significant effects on the occurrence of late menarche and short total duration of menstruation, respectively. Most previous studies have focused on genes that participate in the estrogen pathway to understand the genetics of the timing of menarche or menopause (Weel et al., 1999; Gorai et al., 2003; Hefler et al., 2005; Kok et al., 2005; Dvornyk et al., 2006; Stavrou et al., 2006; Mendoza et al., 2008) . A few studies have demonstrated associations between adiposity-related genes, such as LEP, LEPR and PPARg, and the age of menarche or menopause; however, the results have been unconvincing. Most studies that have explored relationships between LEP and menstruation found no associations with LEP variants for age at menarche (Comings et al., 2002; Gajdos et al., 2008; Rothenbuhler et al., 2009 ). Only one study reported a significant association of an LEPR polymorphism with age at menarche (Riestra et al., 2010) . In recent studies that have evaluated genetic effects on menarche and menopause, polymorphisms in PPARg have been associated with age at menarche (Pan et al., 2008) and menopause (He et al., 2010) . In the present study, we identified SNPs associated with age at menarche and menopause that have not been reported in previous studies.
In addition, our results support prior evidence of adiposity-related gene participation in mechanisms related to timing of menarche and menopause. A number of studies evaluating genetic effects on menstruation have focused on age at either menarche or menopause. Our study obtained information on the timing of both menarche and menopause, and we evaluated the association between genetic polymorphisms and short total duration of menstruation. Having a short duration of menstruation over the lifespan represents less influence of estrogen and exposure to risk from estrogen deficiency, such as rapid bone loss after menopause (Pacifici, 1998) .
Leptin is produced mainly by adipose tissue, but is also produced by the placenta, stomach and skeletal muscle (Caprio et al., 2001) . Leptin acts at multiple levels of the reproductive axis with differential effects on reproductive functions depending on circulating leptin levels (Caprio et al., 2001) . In murine genetic models, leptin deficiency results in failure to enter puberty and leptin treatment established a pulsatile secretory pattern of gonadotropins that leads to early puberty (Caprio et al., 2001) . The G allele of rs2167270 in the LEP gene is associated with significantly lower leptin concentrations (Ichihara and Yamada, 2008) . Later age at menarche among post-menopausal women and the consequently shorter total duration of menstruation among post-menopausal women with the GG genotype may be explained by the functionality of this SNP. Two SNPs in the LEPR gene in our study are also known functional SNPs that are associated with plasma soluble leptin receptor levels (Sun et al., 2010) . PPARg is an important transcription factor regulating adipogenesis and lipogenesis, insulin sensitivity, inflammatory cytokine production and bone homeostasis (He, 2009) . Genetic polymorphisms of PPARg have been associated with the risk of type 2 diabetes, polycystic ovarian syndrome, Alzheimer's disease and several cancers (He, 2009) . For menstruation-related factors, PPARg has been identified as a notable candidate gene for age at menarche via a suggestive logarithm of odds score at 3p25 (Pan et al., 2008) , and several intronic SNPs, such as rs4135280 in PPARg, have been associated with age at menopause (He et al., 2010) . Two SNPs in PPARg included in our study, rs2120825 and rs4684846, are located in the same region as rs4135280 and are considered to be in the same functional class.
Our study has limitations due to the nature of its observational design. We obtained information on the age at menarche and menopause from self-administrated questionnaires, and some participants might have had difficulty in remembering their age at menarche and menopause. However, this is a non-differential misclassification and should not appreciably affect the interpretation of the results of this study. In addition, considering the role of adiposity in the onset of menarche, co-morbidities of patients or obesity-related indicators such as BMI, at the age of menarche, could affect the results as a confounding variable; however, we did not request this information in our questionnaire. Information on hypertension and diabetes was available only for Group 2 (healthy women). Prevalence among Group 2 was 8.6% for hypertension, and 3.5% for diabetes, respectively. We considered the prevalence is not high enough to affect the results of the current study. Since we did not perform correction for multiple comparisons in this study, the result should be interpreted with caution.
Long-term endogenous estrogen exposure is an important risk factor for breast cancer. To investigate a possible differential effect of genotypes on age at menarche and menopause between breast cancer patients and healthy subjects, we included two groups of subjects in one analysis. We were also able to investigate a possible differential effect of genotypes on age at menarche and menopause between breast cancer patients and healthy subjects: most of the significant associations found in one group were not observed in the other group except the genetic effect of leptin receptor on late menarche. However, rs7602 of LEPR showed a consistent association in both groups, which supported the possible effect of adiposity-related gene polymorphisms on late menarche.
In summary, our results indicate the adiposity-related genetic polymorphisms may be associated with women's age at the onset and cessation of menstruation. Our results contribute to understanding of the adipocyte-related pathways that influence menstruation.
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Supplementary data are available at http://humrep.oxfordjournals.org/. Early menopause and short total duration of menstruation calculated for post-menopausal women only.
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